Two ventilated porometers (diffusion and steady-state) were compared on four broadleaf and five coniferous species. The diffusion porometer gave consistently lower conductance values for both types of species, reflecting a direct stomatal response to low chamber humidity. At high conductance values, the porometers produced a linear and nearly equal response, but the diffusion porometer was less sensitive at low conductance values. This was due to lower air flow (20% of the velocity in the steady-state porometer) and water vapor sorption (by its acrylic plastic chamber). The broadleaf species had less variation (R2 = 0.81) than did the coniferous species (R2 = 0.61), but, with the latter, there was better correspondence between the two porometers, possibly due to sampling technique. Conductance values were clustered by species.
In the last decade, porometry has become a widely used technique in both laboratory and field research on water relations. Until recently, only diffusion porometers have been commercially available. These are: a passive diffusion model (4) and a turbulent diffusion (ventilated) model (8) . They have been the basis for much of the published data on leaf conductance. Since 1972, however, a steady-state (null balance) porometer (1) has gradually supplanted the diffusion porometers.
The two types of porometers differ primarily in their theoretical approach to measuring conductance. With the diffusion porome- 4. ter, r/ is related to the transit time between two predetermined humidities in the chamber. The diffusion porometer usually uses a narrow-range LiCl sensor, so r, must be measured at a chamber humidity between 20 and 30%o RH (vapor pressure deficit between 18.7 and 16.4 millibars, respectively, at 20 C), an unusual range under most natural conditions. Turner and Parlange (7) discuss the theory and calibration of the ventilated diffusion porometer more thoroughly. In contrast, the steady-state porometer is based on the determination of dry air flow into the chamber to offset increased humidity due to transpiration; stomatal conductance (gf = I/r,) is calculated from the flow rate and the steady-state humidity, which can range from 0 to 100%, allowing measurements under ambient conditions. Beardsell et al. (1) Franco, and Tsuga heterophylla (Raf.) Sarg.) were selected to ensure a full range of g, and to allow comparison among species and between foliage shapes. Throughout the study, the seedlings were watered and maintained in a growth room at 20 C, 70% RH, with a 16-h photoperiod. Cool white fluorescent lamps provided radiation of 200 ltE m-2 s-' at seedling level.
The diffusion porometer was calibrated prior to the study by the method of Turner and Parlange (8) and with a perforated plate (4). The humidity sensor was calibrated at 20 C by mixing air bubbled through two saturated salt solutions. The sensor in the steady-state porometer was calibrated from 0 to 100%o RH with five saturated salt solutions and dry nitrogen gas. The wind velocity profile within each chamber was characterized with an Alnor hot-wire anemometer.
For each coniferous species, the needles were pulled off 1-to 2-mm strips about 1 cm from the tips of four branches. At these strips, the branches were then sealed to split rubber stoppers with modeling clay. For the diffusion porometer, the branch and stopper were inserted into the larger chamber aperture until the stopper was sealed (the spring-loaded clamp was removed). After g, was measured, the leaf area of the needles was estimated with a Licor surface area meter (Model LI-3000), and g, was calculated with projected (one-sided) leaf area. (6) showed a 20%o decrease in transit time when the fan speed in the diffusion porometer was increased from 1,000 to 2,000 rpm.
The low humidity in the diffusion porometer chamber also may have caused the stomates to close partially. Significant stomatal closure has been observed within 2 min after exposure to low humidity (5), and, more recently, stomates have been found to close 30 s after humidity reduction (3). Furthermore, reducing chamber humidity from 60%o to 20% depressed g, from 20 to 30% of that measured at ambient humidity (3), similar to g, values reported here in the diffusion porometer.
Although the steady-state porometer was more sensitive at lower conductances ( Figs. 1 and 2) , the two porometers gave nearly equal readings. The nonlinearity at low conductance may be due to the acrylic plastic chamber of the diffusion porometer, a material that reportedly can adsorb and desorb a significant amount of water vapor (2) . Presumably, this is accounted for in the calculated Rp and subtracted (7); however, Rp is assumed to be constant with time and independent of leaf conductance. More likely, Rp varies, since it depends on the rate of vapor supply and sorption by the walls would be very slow at low conductances, causing the observed curvilinear response. At high vapor supply, i.e. high leaf conductance, the sorption requirement would be fulfilled more quickly. In contrast, the aluminum-machined chamber of the steady-state porometer should not have such a significant sorption problem, since aluminum is more hygrophobic than is acrylic plastic.
The coniferous and broadleaf species responded differently to the two porometers. Although the data for the broadleaf species gave a better statistical fit (R' = 0.81), they also showed a greater discrepancy between the two porometers. The broadleaf species
were measured with the fixed-aperture attachment on both porometers. In the steady-state porometer, air flow at a velocity of 300 cm s' hits the leafsurface at an angle that minimizes the boundary layer. However, in the diffusion porometer, the leaf remains several mm above the main air flow within the chamber, which diminishes the effectiveness of ventilation and inadvertently increases the boundary-layer resistance. At this point in the chamber, air flow was 25 to 30 cm s-1 (40 to 50% of maximum).
The coniferous species, in contrast, were measured with their needles in the center of the air flow of both porometers, which Plant Physiol. Vol. 68, 1981 Plant Physiol. Vol. 68, 1981 may explain the better agreement between the two porometers for these species. An unventilated diffusion porometer consistently gave higher g, for beans than did a ventilated model (6) . Thus, the geometry of the sensor in relation to the leaf also appears critical. The sampling technique for the conifer foliage positioned the needles closer to the sensor than did the broadleaf technique. The high dispersion of the conifer data (R2 = 0.61) is attributed (a) to differences within and among species in the presentation of the various shapes and sizes of needles to the air flow and (b) to the possibility of an incomplete seal of the branch with the diffusion porometer.
The g, values clustered by species. For the broadleaf species, g, increased from Alnus rubra to Celtis occidentalis, Alnus japonica, and Fragaria X ananassa (Fig. 1) . In the coniferous species, the ranking was Tsuga heterophylla, Pseudotsuga menziesii, Abies procera, Picea engelmannii, then Larix occidentalis (Fig. 2) .
This comparison of the two types of ventilated porometers showed some shortcomings in the design, construction, and use of porometers. In particular, air flow within the porometer chamber must be adequate to minimize the boundary layer, humidity in the ambient atmosphere and the chamber must be the same or very similar, and the chamber should be constructed of hydrophobic materials.
